Oceanic Anoxic Events (OAEs) are interpreted as brief episodes of oxygen-depleted conditions in the global ocean that resulted from profound perturbations in the carbon cycle. These events favored widespread deposition of organic carbon-rich sediments and the subsequent formation of hydrocarbon source rocks. The most important of these events for the Cretaceous period are the globally recognized OAE 1a (early Aptian, Selli event), the OAE 2 (Cenomanian/Turonian boundary, Bonarelli event), and the Atlantic-restricted OAE 3 (Coniacian/Santonian boundary). In Mexico, several sedimentary successions of these ages are proved hydrocarbon source rocks and potential targets for oil and gas shale exploration; however, in most cases, it is unknown how these global events influenced redox conditions under which they were deposited. In general, there is little research to document and characterize properly these events. This work exposes and analyzes the current state of the study of these events in Mexico, and proposes new stratigraphic units to prospect and methodologies for further studies. The OAE 1a has been isotopically constrained in the northeastern part of the country within sediments with high organic carbon content in the lowermost part of the La Peña Formation. However, recent research suggests that the base of the La Peña Formation seems isochronous and younger than the OAE 1a. Accordingly, this event must be recorded in the underlying sediments of the Cupido/Lower Tamaulipas formations. Because of its age and lithostratigraphic features, the Agua Salada Formation of the Lampazos Platform also seems to be linked to this event. The OAE 2 has been documented in northeastern Mexico in the Agua Nueva and Indidura formations, and in southern Mexico in the uppermost part of the Morelos Formation. Trace metal enrichment in these rocks indicates that the emplacement of the Caribbean plateau probably played an important role in the record of this anoxic event across Mexico. Poorly oxygenated conditions during the Cenomanian/Turonian in northeastern México lasted until the early Coniacian. Other stratigraphic units that probably record this event are the Agua Nueva, Eagle Ford, Soyatal, and Maltrata formations. The record of the OAE 3 remains unknown. We hypothesize that Coniacian/Santonian Mexican paleogeography and sedimentary pattern could trigger at least intermittent anoxic/dysoxic conditions favorable for organic carbon burial, and suggest searching for these conditions in the San Felipe, Indidura or Austin formations.
Introduction
The Cretaceous period represents a time of profound transformations in the history of the planet with significant implications in the course towards current conditions. Some of the major episodes of environmental change in the ocean-atmosphere system occurred during the so-called Oceanic Anoxic Events (OAEs). They were short-lived episodes (<1 My) of global marine anoxia that in some cases resuted in widespread organic carbon burial (Schlanger and Jenkyns, 1976; Arthur and Schlanger, 1979; Jenkyns, 1980; Arthur et al., 1990) . Such events were the result of important chemical changes in the Cretaceous ocean related to perturbations in the carbon cycle. The study of the sedimentary, geochemical and biological records of these goes back over 30 years (Schlanger and Jenkyns, 1976; Arthur and Schlanger, 1979) , with the Deep Sea Drilling Project (DSDP) and the Ocean Drilling Program (ODP). These research programs provided geological data for investigations related to the evolution of the Mesozoic oceans. Numerous subsequent investigations focused on pelagic and hemipelagic sediments of the Paleo-Tethys Ocean improved high resolution definition of age and duration of these events, explored the environmental changes under which they took place, and detected regional and local variations that affected their occurrence (Menegatti et al., 1998; Erba et al., 1999; Leckie et al., 2002; Hofmann et al., 2003; Weissert and Erba, 2004; Lamolda and Paul, 2007; Mort et al., 2007; Millán et al., 2009; Moreno-Bedmar et al., 2009 , 2012a Bover-Arnal et al., 2010; Westermann et al., 2010; Keller et al., 2011; Föllmi, 2012; Eldrett et al., 2014 , and others referenced in this paper).
The importance of recognizing and studying such Cretaceous events resides in the fact that, along with the Jurassic OAEs, they are responsible for the generation of more than 50 % of the global hydrocarbons (Klemme and Ulmishek, 1991) .
In Mexico, important hydrocarbon source rocks were deposited during the Cretaceous OAEs; however, research documenting and characterizing such events is scarce. In part, this situation is due to a shortage of biostratigraphic and/ or geochronologic studies, which prevents the construction of a proper time framework and the identification of distinctive stratigraphic levels coeval with these events. In some cases a later diagenetic overprint related to tectonic deformation further complicates identification by disturbing the primary geochemical signatures of these events.
In this paper, we discuss the current state of study of the major Cretaceous OAEs in Mexico based on available literature. The examination of this information highlights inconsistencies and agreements between the existing records and allows identifying critical unresolved questions. We also propose a way to tackle the problematic issues and listed stratigraphic units with minor reports of high organic carbon content and/or poorly oxygenated conditions potentially linked to these OAEs. This contribution summarizes and integrates this knowledge, so that it provides a comprehensive view of the major Cretaceous OAEs in Mexico. It aims to be a starting point to search for new records of such events. This study seeks to contribute to a better understanding of the development of poorly oxygenated conditions associated with the deposition of hydrocarbon source rocks, and thus it can assist in evaluating potential exploration opportunities. 
eventos son rocas generadoras de hidrocarburos y potenciales objetivos de exploración para petróleo y gas. Sin embargo, en la mayoría de los casos no es clara la forma en que estos eventos influyeron en las condiciones redox bajo las cuales tuvo lugar su depósito. En general, son pocas las investigaciones que documentan y caracterizan apropiadamente estos eventos. Este trabajo expone y analiza el estado actual de estudio de estos eventos en México y propone nuevas localidades y unidades estratigráficas a prospectar, así como metodologías a aplicar en futuros estudios. El OAE 1a se ha definido isotópicamente en el noreste de México en los sedimentos con alto

A brief look at the major Cretaceous OAEs
The Mesozoic DSDP and ODP record mostly comprises Cretaceous sedimentary rocks, which is why OAEs were originally described from deposits of this age (Schlanger and Jenkyns, 1976; Arthur and Schlanger, 1979; Jenkyns, 1980) . From their conception, the OAEs were linked to the deposition of organic carbon-rich sediments (mostly referred to as black shales) acting as hydrocarbon source rocks and commonly related to giant oil-field reservoirs (Arthur and Schlanger, 1979) . The causes of enhanced synchronous organic matter sequestration by sediments during OAEs are thought to be the result of complex feedback mechanisms such as sea level rise, increase in oceanic crust production and CO 2 outgassing, emplacement of large igneous provinces, high surface ocean temperature, acceleration of the hydrological cycle, changes in ocean circulation patterns and, enhanced marine productivity (Sinton and Duncan, 1997; Leckie et al., 2002; Mort et al., 2007; Méhay et al., 2009; Keller et al., 2011; Föllmi, 2012) . These components controlled production and preservation of organic matter in sedimentary environments and resulted in characteristic sedimentary features, carbon isotope patterns and trace element enrichment; signatures that can be traced in the sedimentary record. Its is noteworthy that regional or local conditions have the potential to modify these records.
Several OAEs occurred during the Cretaceous, particularly during the Barremian-Santonian interval; Figure 1A (Leckie et al., 2002; Jenkyns, 2010; Föllmi, 2012) . However, the most studied OAEs due to the distribution of their record, duration, global impact on the ocean-atmosphere system, and importance for hydrocarbons production, are (a) the early Aptian OAE 1a (Selli event), (b) the Cenomanian/Turonian boundary OAE 2 (Bonarelli event), and (c) the Coniacian/Santonian boundary OAE 3. They are classically recognized by the presence of a longterm positive δ 13 C excursion that can be predated by a shortlived negative spike. The positive carbon isotope excursions are related with a heightened 12 C removal from seawater resulting from the enhanced burial of organic carbon in marine sediments during episodes of high productivity (Ingall et al., 1993; Leckie et al., 2002; Jarvis et al., 2006; Mort et al., 2007) . The negative carbon isotope excursions are commonly linked to a rapid release of isotopically light carbon into the ocean-atmosphere system either to organic matter decomposition or CO 2 degassing associated with volcanism and/or massive methane release from clathrates (Beerling et al., 2002; Jahren, 2002; Méhay et al., 2009) .
The OAE 1a was included in the initially described OAE 1 occurring from late Barremian through middle Albian (Schlanger and Jenkyns, 1976; Arthur and Schlanger, 1979; Jenkyns, 1980) . It was not until Arthur et al. (1990) that the OAE 1a was recognized as an isolated event in the early Aptian. This event is associated with increased marine productivity, a sea-level rise, a major episode of drowning of carbonate platforms, and a widespread nannoconid crisis (Erbacher et al., 1996; Menegatti et al., 1998; Weissert and Erba, 2004; Millán et al., 2009; Föllmi, 2012) . It has a temporal relationship with (a) the onset of the long-term mid-Cretaceous greenhouse, which prompted high rates of continental runoff and nutrient supply (Jones and Jenkyns, 2001; Leckie et al., 2002; Weissert and Erba, 2004) , and (b) the initiation of an interval of increased submarine volcanism in the Pacific ocean related to the emplacement of the Ontong Java-Manihiki plateau, which stimulated marine productivity through the hydrothermal input of biolimiting metals (e.g. Fe, Co, Mn, Cu, Zn, Se) (Larson, 1991; Jones and Jenkyns, 2001; Jahren, 2002) . Currently, the proper way to record this event is by identifying the distinctive segments of Menegatti et al. (1998) , which are characteristic longterm carbon isotope trends linked to different disturbances in the global carbon cycle during the late Barremian/Aptian. According to this global standard pattern, the onset of OAE 1a is marked by a sharp negative δ 13 C excursion (segment C3) followed by an abrupt and prolonged positive δ 13 C excursion (segments C4 to C6) (Erba et al., 1999; Leckie et al., 2002; Millán et al., 2009; Bover-Arnal et al., 2010; Najarro et al., 2011; Moreno-Bedmar et al., 2012a) .
The OAE 2 is the most widespread and best defined OAE of the Cretaceous OAE. The anoxic conditions developed during this event are interpreted as the consequence of enhanced marine productivity due to iron fertilization prompted by the emplacement of the Caribbean large igneous province (Sinton and Duncan, 1997; Snow et al., 2005) . According to Mort et al. (2007) , an active mechanism that sustained marine productivity during the OAE 2 was the recycling of P and other nutrients from sediments overlain by anoxic waters. The Bonarelli event is traditionally associated with a broad positive carbon isotope excursion (Schlanger and Jenkyns, 1976; Jenkyns, 1980; Snow et al., 2005; Jarvis et al., 2006; Westermann et al., 2010) . Other investigations report the occurrence of a small abrupt negative carbon isotope excursion predating the positive shift in δ 13 C (Hasegawa and Saito, 1993; Erbacher et al., 2004; Kuroda et al., 2007) .
The less studied among the Cretaceous OAEs is the OAE 3 (Jenkyns, 1980; Arthur et al., 1990; Hofmann et al., 2003) . It is the longest of the OAEs and, unlike OAE 1a and OAE 2, its record is regionally limited and characterized by a moderate positive δ 13 C excursion. Organic carbon-rich sediments related to this OAE have been documented on both sides of the Atlantic Basin (Wagner et al., 2004) . This distribution was likely influenced by the deepening and widening of the connection between the Central and South Atlantic, and the free exchange between deep and surface water masses during the Coniacian/Santonian (Wagner and Pletsch, 1999; Pletsch et al., 2001; Wagner et al., 2004) . As result, restricted epicontinental basins developed along the upper continental margins of the Atlantic Basin, together with an oxygen minimum zone favoring the preservation of rich organic sediment (Dean et al., 1984; Erlich et al., 1999) . Research regarding the OAE 1a has focused on the pelagic Barremian/Aptian succession of northeastern Mexico. Although the δ 13 C signal of this event was identified, little effort has been done in order to study its effects on the Mexican Sea. Critical questions that remain unanswered are those related to (a) the redox regime, (b) changes on the water chemistry, and (c) impact on the carbonate platform development. A multi-proxy investigation based on sedimentary, paleontological and geochemical proxies could provide answers to these questions. Given that the Aptian-Albian is a time interval containing hydrocarbons source rocks in some wells across northern Mexico (Monreal and Longoria, 2000) , answering these questions is also important in order to increase the knowledge of the hydrocarbon system.
Major Cretaceous OAEs in
Early studies related to the known (at that time) OAE 1 were conducted by Scholle and Arthur (1980) at cretaceous organic carbon-rich pelagic limestones of the Sierra Madre Oriental exposed at Peregrina Canyon and rancho Jacalitos (Tamaulipas and Nuevo León states, respectively; Figures 1B and 2). These authors identified a positive carbon isotope excursion (δ 13 C carb = ~1.5 -2.0 ‰) near the Aptian/ Albian boundary that assigned to this event. At Peregrina Canyon, the δ 13 C anomaly is predated by an interval with high total organic carbon (TOC) content (up to ~0.8 %; ~3 -4 × background) ( Figure 3A ). Unfortunately, they failed to mention about the exact lithostratigraphic position of such anomaly. It was not until the study of Bralower et al. (1999) that the first report of the OAE 1a occurred. They studied the carbon isotope record of four Barremian/ Aptian localities in northeastern Mexico. The most complete record of the OAE 1a was found in the Santa Rosa Canyon section, in the leading edge of the Sierra Madre Oriental thrust and fold belt (Nuevo León State; Figures 1B and 2 ). The Barremian/Aptian exposed succession of such section corresponds to the lime mudstones with chert nodules of the Lower Tamaulipas Formation and the overlying intercalation of marls and mudstones of the La Peña Formation. The former is the basinal equivalent of the shallow-water skeletal limestones of the Cupido Formation, which represents a carbonate platform with the same name that developed around the Coahuila block. Bralower et al. (1999) constructed an organic carbon isotope (δ 13 C org ) curve for Santa Rosa and compared it to the curve of Peregrina Canyon developed by Scholle and Arthur (1980) . Based on this comparison, these authors reinterpreted the chronostratigraphic position of the latter, defined the segments of Menegatti et al. (1998) , and identified the OAE 1a at Peregrina Canyon ( Figure 3B ). At Santa Rosa, the OAE 1a consists of a positive δ 13 C shift about 2.0 ‰ predated by a ~1.5 ‰ negative spike toward the base of the La Peña Formation ( Figure 3C ). This stratigraphic interval is also characterized by a two-fold increase in TOC (2 -3 %). Later, Li et al. (2008) resampled in greater detail the Santa Rosa Canyon section, and developed a new δ 13 C org curve with a new position of the OAE 1a. According to their results, this event is located between the uppermost part of the Lower Tamaulipas Formation and the base of the La Peña Formation ( Figure 3D ). Besides the isotope data, Bralower et al. (1999) and Li et al. (2008) constrained their δ 13 C org curves through the determination of planktonic foraminifera and calcareous nannofossil biozones. Based on the magnetostratigraphic data of Clement et al. (2000) , Li et al. (2008) also suggested that OAE 1a lasted ~1.28 My, being its record at Santa Rosa a relatively expanded OAE 1a succession.
The investigations of Bralower et al. (1999) and Li et al. (2008) might be questionable considering that they sampled separate segments instead of a continuous stratigraphic section, with a lack of data for ~7 m at the Lower Tamaulipas/La Peña contact, immediately above the negative δ 13 C spike of Li et al. (2008) (Figure 3D ). Considering the ammonite biostratigraphy (the most accurate for the Aptian to date), a misidentification of the OAE 1a at Santa Rosa Canyon section is indeed highly possible. Although there is no ammonite database for the La Peña Formation of Santa Rosa, if we consider that the base of this formation is isochronous and assignable to the Dufrenoyia justinae Zone (Barragán-Manzo and Méndez-Franco, 2005; Barragán and Maurrasse, 2008; Moreno-Bedmar et al., 2011; 2012b; Moreno-Bedmar and Delanoy, 2013) , we can infer that the lowermost part this unit at Santa Rosa Canyon section also belongs to this ammonite zone. At La Boca and the Huasteca Canyon sections (Nuevo León State; Figure 2 ), close to Santa Rosa Canyon, the ammonite record of the lowermost part of the La Peña Formation also starts in the Dufrenoyia justinae Zone (Cantú-Chapa, 1976; Barragán-Manzo and Méndez-Franco, 2005; Barragán and Maurrasse, 2008) . In the ammonite Mediterranean biostratigraphic scheme of Reboulet et al. (2014) , this Mexican ammonite zone is representative of the uppermost part of the late early Aptian Dufrenoyia furcata Zone. Therefore, it is likely that the base of the La Peña Formation at Santa Rosa section has a younger age than the OAE 1a event, commonly restricted to the early Aptian Deshayesites forbesi Zone (Moreno-Bedmar et al., 2009; 2012a; Najarro et al., 2011; Bover-Arnal et al., 2010; Gaona-Narvaez et al., 2013) . Hence, the OAE 1a should be located within the Lower Tamaulipas Formation (or the Cupido Formation) instead of the La Peña Formation (or the time-equivalent Otates Formation consisting of shaly and organic-rich limestones) (Figure 4 ). This situation would imply that the deposition of the Cupido Formation lasted beyond the early Aptian and probably the Cupido Platform survived the OAE 1a.
If the previous scenario is correct, what is the significance of the organic carbon-rich sediments at the base of the La Peña Formation? Such levels with high TOC have been reported at the Francisco Zarco dam section (Durango State; Figure 2 ) (Barragán, 2001) and La Huasteca section (Nuevo León State; Figure 2 ) (Barragán and Maurrasse, 2008) . In both places, the La Peña Formation also starts within the Dufrenoyia justinae Zone. This interval has been correlated by Millán et al. (2009) and Skelton and Gili (2012) with TOC-enriched sediments of the base of the Lareo Formation (Dufrenoyia furcata Zone) from the Basque-Cantabrian basin in Spain, and corresponding to the so-called Aparein level. It is a new OAE occurring in the upper part of the early Aptian, associated with a carbonte platform termination. As suggested for the Aparein level by Millán et al. (2009) , the TOC-enriched levels at the base of the La Peña Formation may represent the last period of dysoxia/anoxia at the top of the early Aptian (Bralower et al., 1994; Föllmi, 2012) .
On the other hand, it is noteworthy that magneto- (Scholle and Arthur, 1980) . B. Peregrina Canyon section (Bralower et al., 1990) . In the interpretation of Bralower et al. (1999) of the curve by Scholle and Arthur (1980) , the segments C4 to C6 were not individually identified; therefore the isotope end of the OAE 1a was not determined. C, D. Santa Rosa Canyon section (Bralower et al., 1999 and Li et al., 2008, respectively) .
stratigraphic and micropaleontological data support the presence of the OAE 1a at the base of the La Peña Formation. In this regard, a characteristic interval link to the record of the OAE 1a that both Bralower et al. (1999) and Li et al. (2008) documented at the base of the La Peña Formation is the nannoconid crisis interval. In this case, our supposition might be wrong and key topics such as the isochronism/diachronism of the La Peña Formation and the correspondence between planktonic foraminifera, calcareous nannofossil and ammonite biozones have to be strongly addressed. In order to answer these questions, further carbon isotope and biostratigraphic/magnetostratigraphic studies must be conducted in the Lower Tamaulipas(Cupido)/La Peña formations. The age of the demise of the Cupido Platform (the Cupidito facies) should be determined along with a precise identification of the segments of Menegatti et al. (1998) . For instance, these tasks could be undertaken in the lowermost 7 m of the La Peña Formation at the Santa Rosa Canyon section. A properly constrained C-isotope curve is key to identify the signal of global and regional/ local events. Given the nature of nearshore deposits of the Cupido Formation along with diagenetic processes that could mask the primary geochemical signal (e.g. fresh-water input, elevated evaporation rates), the Lower Tamaulipas Formation seems to be a suitable candidate for carbon isotope studies. In the search for the record of anoxic/ dysoxic conditions, an interesting new approach could be the study of oxygen levels from the fossil assemblage and trace element data. Thus, these redox regimes would not only be recorded but could also be deciphered in terms of their global and/or local effects. On the other hand, if the Aparein level was precisely located, it will be its first record outside Europe, implying a wider paleogeographic extension for this event, and supporting its probable use as a chemostratigraphic marker.
Other reports and prospects for further studies
Lampazos Platform: Monreal and Longoria (2000) correlated the OAE 1a (as defined by Bralower et al., 1999 at Santa Rosa Canyon) with the base of the Agua Salada Formation of the Lampazos Platform ( Figures 1B and 2 ). This unit is characterized mainly by calcareous shale and limestone beds consisting of pelagic skeletal wackestones and floatstones. It is important to mention that the reassignment of the middle part of the Agua Salada Formation to the early Aptian, as well as the presence of black shales in its lower part (which may be the lithologic expression of the anoxic episode), support the hypothesis of the base of this unit recording the OEA la (González-León, 1988; Monreal and Longoria, 2000; Santa María-Díaz and Monreal, 2008) . The occurrence of the ammonite Dufrenoyia justinae in the upper part of the unit at Rancho Agua Salada section (Sonora State; Figure 2 ) (González-León, 1988) does not exclude this possibility.
The OAE 2 (Bonarelli event)
This OAE is the most documented and studied in Mexico and elsewhere. The record of the OAE 2 has been reported in southern, central and northern Mexico (Scholle and Arthur, 1980; Duque-Botero and Maurrasse, 2004; Ifrim, 2006; Blanco-Piñón et al., 2008 Rojas-León et al., 2008; Duque-Botero et al., 2009; Elrick et al., 2009; Blanco et al., 2010 Blanco et al., , 2011 Ifrim et al., 2011) . The interest in studying this event lies in the fact that several Cenomanian/Turonian rocks are proved or potential prolific hydrocarbon source rocks. Despite this, the genetic link of the OAE 2 with these rocks in several basins is still poorly understood.
Northeastern Mexico
At Peregrina Canyon (Figure 2 ), within the hemipelagic limestones and shaly limestones (mudstones and wackestones) of the Agua Nueva Formation, Scholle and Arthur (1980) found a positive shift in δ 13 C values of cabonates of ~1.5 ‰ spanning almost the entire Turonian, which was interpreted as the geochemical signature of the OAE 2 ( Figure 5A ). This positive δ 13 C excursion overlaps partly with an organic carbon-rich interval (up to 2.5 %, about 10 -12 × background values).
Recent studies focused on the Agua Nueva Formation have linked its informal Vallecillo Member (Blanco-Piñón, 2003) , a Konservat-Lagerstätten deposit, to the OAE 2 occurrence (Blanco-Piñón, 2003; Ifrim, 2006; Ifrim et al., 2011) . At Vallecillo section (Nuevo Léon State; Figure   Figure 4 . Aptian lithostratigraphy of northeastern México correlated with the standard Mediterranean ammonite zonation (pro parte) and the Mexican ammonite zonation. The red rectangle marks the current age calibration of the OAE 1a. Note that based on ammonite biostratigraphy, the base of the La Peña formation is younger than the OAE 1a.
2), this member is characterized by laminated marly limestones to plattenkalk with abundant and very well preserved fish fossils. At Las Mitras section (Nuevo León State; Figure 2 ), the base of this member is a black shale level. Ifrim (2006) constrained the age of the Vallecillo Member to the latest Cenomanian/early Turonian time interval through ammonite, inoceramid and planktonic foraminifera biostratigraphy. This author unsuccessfully searched for the carbon isotope signal of the OAE 2 in both the Vallecillo and Las Mitras sections. According to him, such task was not possible due to the existence of a diagenetic overprint evidenced by a clear negative correlation between δ 13 C and δ 18 O values. In this regard, we recommend further efforts to find the carbon isotope signature of this event, including a characterization of the TOC content. It is possible that the characteristic inflection point in the δ 13 C curve at the Vallecillo section that marks the onset of the OAE 2 is recorded in a lower stratigraphic position, considering that such point occurs in an older planktonic foraminifera biozone (Rotalipora cushmani) than that recorded at the base of the Vallecillo section (Whiteinella archaeocretacea). Ifrim (2006) interpreted the presence of pyrite framboids with the same morphology and uniform size of around 2 µm in the Vallecillo Member as a sign of anoxic pore-water conditions with high H 2 S content. Strong depletion in Mn and remarkable peaks of Cu, Ni and Zn also portray poorly oxygenated settings. Based on the fossil assemblage distribution, this author proposed that the onset of the oxygen depletion above the seafloor began in the late Cenomanian and reached the seafloor in the latest Cenomanian as result of the vertical expansion of the oxygen minimum zone.
Duque-Botero and Maurrasse (2004) Figure 1B ). This unit consists mainly of pelagic mudstones to wackestones and intercalated shales. At the base of the Parras de la Fuente section (Figure 2) , within the identified CC10 (containing the Cenomanian/Turonian boundary) and the lower part of the CC11 calcareous nannoplankton biozones, these investigations documented a positive δ 13 C anomaly up to ~2 ‰ in organic carbon that related to the OAE 2 ( Figure 5B ). This interval comprises ~15 -16 m and does not exhibit high TOC (0 -1.5 %); however, it records redox indices [(V/(V+Ni), V/Cr and Mo content)] that reveal oxygen-depleted conditions at the time of its deposition.
According to Duque-Botero et al. (2009) , poorly oxygenated conditions favoring the deposition of organic carbon-rich sediments in northeastern Mexico prevailed during the Cenomanian/Turonian and lasted for about 4 million years (that is, until the Coniacian). Therefore, such conditions also influenced the deposition of the Indidura Formation. As it is attested by the cyclic laminations of bacterial microspheres, interpreted as blooms of cyanobacteria, these conditions resulted from intense primary productivity associated with periodic incursions of riverine Fe-rich waters. Accordingly, Ifrim (2006) suggest that although the uppermost water layers became Figure 5 . Record of the OAE 2 in Mexico. Stratigraphic sections showing the geochemical and biostratigraphic data used for its definition. A. Peregrina Canyon section (Scholle and Arthur, 1980) . B. Parras de la Fuente section (Duque-Botero et al., 2009) . C. Barranca el Cañón section (Elrick et al., 2009) . Among the sections studied by Elrick et al. (2009) containing the carbon isotope expression of the OAE 2, only the Barranca el Cañón section is shown due to its completeness. oxygenated during the early Turonian, the bottom remained anoxic. Stinnesbeck et al. (2005) also pointed to the prevalence of poorly oxygenated conditions until the early Coniacian, based on the excellent preservation showed by a Turonian/lower Coniacian fossil assemblage (including vertebrate fossils with soft tissues) at El Rosario quarry (Coahuila State; Figure 2 ), in strata assigned to the Austin Formation of the Sabinas Basin (Figures 1B and 2 ). This unit consists of intercalated marl and limestone (chalk) deposited under open marine conditions.
Guerrero-Morelos Platform
The OAE 2 in southern Mexico was mentioned for the first time by Hernández-Romano et al. (1997) in a study of the Guerrero-Morelos Platform (Figures 1B and 2) . These authors studied the Morelos and Mezcala formations at the Barranca del Tigre, Axaxacoalco and Zotoltitlán sections (Guerrero State; Figure 2 ). The Morelos Formation is composed of shallow-marine limestones that was part of an Albian/Cenomanian carbonate platform in southern Mexico. It is characterized by bioclastic and intraclastic limestones. On the other hand, the Mezcala Formation corresponds to interbedded hemipelagic limestones and siliciclastic turbidites. Based on the vertical distribution of microfossils (benthonic and planktonic foraminifera, calcareous algae and calcisphaerulids), the three sections were constrained to the middle Cenomanian/early Turonian time interval. These authors suggested that the OAE 2 caused, in part, the drowning of the platform, which occurred first in the western zone. According to their model, the expansion of an oxygen minimum zone related to an upwelling system along the Pacific side of the platform and the sea level rise during the latest Cenomanian/earliest Turonian, resulted in the invasion of oxygen-poor waters over the platform, disappearance of benthos, and shut down of the carbonate production. This is reflected by a drastic diminishing of benthic flora and fauna, and the appearance of an organism assemblage resistant to low oxygen levels from the Morelos Formation to the Mezcala Formation. This transition is also characterized by black, organic-rich, laminated sediments lacking bioturbation. A greater subsidence rate of the western portion of the platform also stimulated its demise. On the other hand, the platform termination in the eastern part occurred in the middle Turonian as result of the interplay of terrigenous-clastic supply and a new impingement of anoxic waters. Elrick et al. (2009) also studied the Barranca del Tigre and Axaxacoalco sections and added them to their investigation of the Barranca el Cañón section (Guerrero State; Figure 2) . Over a ~40 m-thick interval of the Morelos Formation containing the Cenomanian/Turonian boundary (in the three sections), they found an abrupt δ 13 C positive shift (3 -4 ‰) in carbonates that related to the isotopic signature of the OAE 2 ( Figure 5C ). However, the sediments of this interval lack the typical features of oxygen-depleted conditions, such as TOC enrichment or laminated fabrics; instead, these rocks exhibit a bioturbated fabric reflecting a well oxygenated setting. Such redox regime was associated with the abundant supply of oxygen from the ocean surfaceatmosphere interface to the shallow-water sediments. The study of Elrick et al. (2009) not only resulted in the first isotopically constrained expression of the Bonarelli event in southern Mexico, but is also an important contribution to the poor database of this event in both the proto-Pacific area and carbonate platform settings. So far, the Mexican record of the OAE 2 at the Guerrero-Morelos Platform is one of the most stratigraphically expanded and contains one of the largest reported positive δ 13 C excursions to date. Across the Mexican territory, the δ 13 C anomaly related to the OAE 2 has been interpreted as the response of seawater to the increase of iron caused by the emplacement of the Caribbean plateau. Such scenario is feasible since the area of volcanic eruptions (over the Galapagos hot spot) took place at a relatively short distance from Mexico (~2000 to 4000 km according to the tectonic plate reconstruction of Wignall, 1994) . Considering the model of surface circulation during Late Cretaceous (Barron and Peterson, 1990) , and the Cenomanian/Turonian Mexican paleogeography (Goldhammer, 1999; Padilla y Sánchez, 2007) , water masses carrying metals may have been transported to the Mexican Sea, thereby intensifying primary production and producing δ 13 C positive values. For the Mezcala Formation, Snow (2003) measured the abundance of trace elements with short and long residence time in seawater and found concentrations consistent with the increase of magmatic and hydrothermal activities. According to Elrick et al. (2009) , this hypothesis is also supported by the coincidence of strong peaks of trace elements at the onset of the δ 13 C excursion and at the end of the maximum positive excursion at the Barranca el Cañón. Duque-Botero et al. (2009) also suggest the influence of the Caribbean plateau volcanism on the Indidura Formation deposition; however, this relation is still poorly studied. Arguments supporting this scenario are: (1) the record of the effects of this activity on the positive δ 13 C excursion at the Rock Canyon section in the Western Interior Seaway (around 5000 km from the source) (Snow, 2003; Snow et al., 2005) , indicating that the Mexican Sea must have acted as a bridge and was also affected; and (2) the trace element abundances measured by Duque-Botero et al. (2009) coinciding with the end of the maximum δ 13 C positive excursion. In order to corroborate the link between the OAE 2 and the Caribbean plateau volcanic and hydrothermal activity, it is necessary to examine trace metal enrichment patterns of elements in other sections deposited at the Cenomanian/Turonian sections.
Unlike the studies that have addressed the OAE 1a, those focused on the OAE 2 have looked into the causes of the drawdown in seawater oxygen concentrations and/ or the occurrence of the positive carbon isotope excursion; however, additional studies are still needed. Some of the promising stratigraphic units that could constitute the basis for further research are listed below. It is significantly important to search for signs of submarine volcanic activity by measuring trace metal abundances. It allows to clarify the effects of this activity on sewater chemistry and Mexican carbonate platforms. In this task, useful proxies that could be included are the strontium ( 87 Sr/ 86 Sr) and osmium ( 197 Os/ 186 Os) isotope ratios. These isotope measurements will allow an accurate differentiation between the signatures of local weathering and global ocean crust production (Jones and Jenkyns, 2001; Leckie et al., 2002) . Furthermore, 87 Sr/ 86 Sr ratios will help increasing the age control, especially in stratigraphic sections lacking a proper biostratigraphic age control.
Other references and prospects for further studies
Burgos and Sabinas basins: The Eagle Ford Formation of the Burgos and Sabinas basins ( Figures 1B and 2) is a proved oil and gas source rock. This unit was deposited on a shallow-marine shelf at the southern end of the Western Interior Seaway (WIS) of North America, and is characterized by mixed siliciclastic-carbonate mudstones and shales. It has a TOC content of about 1 -4 % with mainly marine-derived organic matter (type II) (EscaleraAlcocer, 2012) . Within the frame of the current interest for non-conventional hydrocarbons, the Eagle Ford Formation is one of the top-ranked prospects in Mexico (EIA/ARI, 2013). The OAE 2 recorded in the organic carbon-rich deposits of this unit has been recognized and characterized in Texas, USA (Kearns, 2011; Eldrett et al., 2014) .
Tampico-Misantla Basin: Several studies report that the Agua Nueva Formation of the Tampico-Misantla Basin ( Figure 1B) at the Xilitla section contains the record of the OAE 2 (Blanco et al., 2010 (Blanco et al., , 2011 Blanco-Piñón et al., 2008 Rojas-León et al., 2008) . The Xilitla section (San Luis Potosí State; Figure 2 ) consists mainly of intercalated hemipelagic mudstones and wackestones, shales and bentonites. Calcareous beds contain common fishes and inoceramids. The evidences of poorly oxygenated conditions near the seafloor during its deposition are: (a) total lack of bioturbation, (b) fine lamination of the sediments, (c) TOC up to 9.9 %, and (d) presence of framboidal pyrite. These investigations also found structures of algal/bacterial origin in both micritic matrix and pyrite laminae. Recently, Castañeda-Posadas et al. (2014) reported also the presence of brackish and fresh-water stomatocysts in laminated pyrite from Xilitla beds preserved under oxygen-deficiency conditions in a low energy environment. They proposed that the riverine input could be responsible for the delivery of this type of continental material to the marine realm.
Valles-San Luis Potosí Platform: The base of the Soyatal Fomation in the western margin of the VallesSan Luis Potosí Platform ( Figures 1B and 2 ) has been assigned by Omaña (2011) and Omaña et al. (2013) to the latest Cenomanian/early Turonian through planktonic foraminifera. It is composed of dark calcareous limestones, marly limestones and shales, commonly interpreted as turbidite deposits. The analysis of several stratigraphic sections, mainly the Sierra de Álvarez section ( Figure  2 ), allowed these authors to determinate that changes in nutrient gradient across the El Abra/Soyatal formations was a determinant factor for the drowning of the Valles-San Luis Potosí Platform. This event was triggered by changes in the global sea-level and eutrophic conditions during the OAE 2. At the Cerritos section (Figure 2 ), these changes are evidenced by a pithonellid bloom associated with a microfossil assemblage indicative of low oxic-dysoxic bottom conditions (Omaña et al., 2014) .
Veracruz Basin: The deep-water facies of the Turonian Maltrata Formation of the Veracruz Basin ( Figures 1B and  2) , and the tectonic front of the Córdoba Platform, are wellknown source rocks of hydrocarbons (González-García and Holguín-Quiñones, 1992; Ortuño-Arzate et al., 2003) . This unit consists of dark limestones and shaly limestones with an average TOC content of 3 -4 % and marine-derived organic matter (type II) (Ortuño-Arzate et al., 2003) .
The OAE 3
The OAE 3 has not yet been recognized in Mexico; however sediments linked to this OAE in America have been documented in Venezuela (Davis et al., 1999; Erlich et al., 1999; Crespo de Cabrera et al., 1999) , Colombia (Vergara, 1997; Rangel et al., 2000) , Surinam (Shipboard Scientific Party, 2002) , Ecuador (Brookfield et al., 2009) , and in areas rather close to Mexico such as Costa Rica and Panama (Erlich et al., 1996; , and the Western Interior Seaway, USA (Bottjer and Stein, 1994; Dean and Arthur, 1998) . In most of these areas, the temporal distribution of black shales related to the OAE 3 indicates that it was not a single and distinct event, but several discrete episodes that occurred over a long time interval, from the Coniacian to the Santonian (Wagreich, 2012) . Considering the basin conditions favorable for the development of the OAE 3 in the aforementioned areas and the Coniacian/Santonian Mexican paleogeography and sedimentary pattern, we explore the possibilities of Mexican basins and stratigraphic units for recording this OAE.
Unlike the areas where the OAE 3 is documented, in Mexico there was not a restricted epicontinental sea during the Late Cretaceous. Although the Mexican Sea was separated from the Pacific Ocean by a large Cenomanian volcanic arc (Grajales-Nishimura et al., 1992; Goldhammer, 1999; Centeno-García et al., 2008 ) as result of a major eustatic sea level rise, it had a real connection with both the Atlantic (through the proto-Caribbean) and the Western Interior Seaway (McFarlan and Menes, 1991; Goldhammer, 1999) . Such scenario may have allowed for the mixing of intermediate waters, reducing the possible occurrence of oxygen-depleted at the seafloor. However, a closer assessment of the Coniacian/Santonian Mexican Sea shows that it was not a broad unbroken depositional realm. This sea consisted of marine basins separated by relatively prominent topographic submerged/emerged highs. In eastern Mexico, most of the basement high blocks that resulted from the opening of the Gulf of Mexico had been flooded and only persisted as shrunken islands that on top gave rise to isolated shelf carbonates. The karstic platforms of the Upper Guzmantla and the Upper Tamasopo formations were developed on the drowned and backstepped Córdoba and Valles San Luis Potosí platforms, respectively (Horbury et al., 2003) . Further south, the Artesa-Nuevo Mundo and Chiapas platforms also remained high (Cros et al., 1998; Williams-Rojas and Hurley, 2001 ). On the other hand, in central Mexico the Laramide phase of deformation occurred between 90 and 65 Ma (Hernández-Jáuregui, 1997; López-Oliva et al., 1998) , and resulted in a foreland basin system to the east of the tectonic front, encompassing syntectonic sub-basins confined by positive topography (folds and overthrust faults). Together, these topographic highs (submerged or emerged) constituted paleobathymetric barriers that could have controlled (partially restricted) the exchange of bottom waters between basins and the open sea, thus favoring bottom dysoxic/anoxic conditions.
Widespread volcanic ash fall is characteristic of the Coniacian/Santonian time interval in the eastern and southern Gulf of Mexico, as evidenced by abundant bentonite beds interlayered with limestones and shales (Salvador, 1991; Padilla y Sánchez, 2007) . This volcanic activity might increase nutrient availability in the ocean surface. Different investigations have determined that ash particles can supply large amounts of bio-available elements to the ocean such as Fe and other important nutrients , Si, Zn, Mn, Ni, Co and Cu) (Frogner et al., 2001; Langmann et al., 2010) . On the other hand, an increase of terrigenous input prompted by the presence of mountain blocks built by the Laramide orogeny could also enhance primary productivity. The magnified export of organic matter coupled with soil-derived nutrients can stimulate primary production and increase mid-water oxygen consumption (Erbacher et al., 1996; Leckie et al., 2002) . Furthermore, an enhanced continental runoff caused salinity stratification, which is another factor favorable for oxygen-drawdown (Arthur and Natland, 1979) ; however, associated processes such as massive fluvial outflow and turbidite sedimentation can cause mixing of intermediatedeep waters with oxygenated surface waters (Erlich et al., 2003) , reducing the preservation potential of organic matter in the water column and on the seafloor.
The foregoing scenario allows the assumption that Coniacian/Santonian Mexican Sea likely developed oxygendepleted conditions related to the OAE 3; however, they must have been intermittent, disturbed by mixing with oxygenated waters (anoxic/dysoxic variations). One of the main hurdles to overcome in the search for these conditions is the volcanic and detrital supply that may have diluted carbonate and organic material, complicating the detection of the OAE 3. This is the case in the study of (a) the San Felipe Formation, deposited in almost the entire eastern and southern Gulf of Mexico Basin ( Figure 1B ) and consisting of shaly limestones, calcareous shales and abundant bentonite; (b) the Soyatal Formation (Valles-San Luis Potosí Platform; Figures 1B and 2) ; and (c) the Mezcala Formation (Guerrero-Morelos Platform; Figures 1B and 2 ). These stratigraphic units do not seem to be the most suitable for studying redox conditions. In the Formation, TOC content above 1 % is a promising feature likely related to the OAE 3. (González García and Holguín Quiñones, 1992) . Given that this unit is a target for shale gas exploration (EIA/ ARI, 2013), an appropriate paleoredox study searching for possible links with OAE 3 is key to assisting the exploration. Furthermore, the presence of bentonite beds in this stratigraphic unit allow its radiometric dating (e.g. U/Pb, K/Ar, 40 Ar/ 39 Ar). For the Soyatal Formation is noteworthy that Omaña (2011) did not report foraminiferal evidence suggesting stressed poorly oxygenated conditions during the Coniacian/Santonian. According to this author, after the crisis suffered by planktonic foraminifera during the OAE 2, the fossil assemblage from Turonian to late Santonian reflects normal conditions. Since in northeastern Mexico orogenic deformation and subsequent shift from carbonate to clastic deposition started in the early Campanian (Gray et al., 2001) , the Indidura (Parras Basin; Figures 1B and 2 ) and Austin formations (Sabinas Basin; Figures 1B and 2) were less prone to detrital contamination.
As previously mentioned, poorly oxygenated conditions during deposition of both units has already been proposed for the early Coniacian (Stinnesbeck et al., 2005; DuqueBotero et al., 2009) ; however, similar redox conditions across the Coniacian/Santonian time interval (related to the OAE 3) have not been documented.
Conclusions
The δ 13 C signal of the OAE 1a has been found in northeastern Mexico in the lower part of the La Peña Formation. Considering the ammonite data, it is probable that the OAE 1a has been misidentified and its record is present within the Cupido/Lower Tamaulipas formations. Sediments with high TOC content at the base of the La Peña Formation could correspond to the European Aparein level or represent the last pulse of dysoxia/anoxia that occurred at the top of the early Aptian. To clarify this situation are necessary new studies that calibrate the age of the Cupido (Lower Tamuilipas)/La Peña formational contact, and construct high-resolution carbon isotope curves throughout such interval. The Agua Salada Formation of the Lampazos platform is another promising unit to be examined searching for the record of this event.
The most documented and studied Cretaceous OAE in Mexico is the OAE 2. It is documented in the organic carbon-rich sediments of the Agua Nueva and Indidura formations in northeastern Mexico, and in the nearshore sediments of the Morelos Formation in southern Mexico. Although trace element concentrations of these records suggest that the emplacement of the Caribbean plateau stimulated surface water productivity, thereby decreasing O 2 availability and causing the positive δ 13 C excursion, it is important to search for new evidence of this activity. The Eagle Ford Formation (Burgos and Sabinas basins), the Agua Nueva Formation (Tampico-Misantla Basin), the Soyatal Formation (Tampico-Misantla Basin), and the Maltrata Formation (Veracruz Basin) are excellent prospects in which to document this event.
Although the OAE 3 has been reported in areas relatively close to Mexico, its record in this country is unknown. Even though the Coniacian/Santonian Mexican Sea was not a truly favorable setting for the record of this event, the paleogeography and the sedimentary pattern may have contributed at least to the development of intermittent anoxic/dysoxic conditions. The San Felipe (several basins), Indidura (Parras Basin) and Austin (Sabinas Basin) formations are candidates to study the record of such conditions.
